The mixings of dR quarks, hidden from view in Standard Model (SM), are naturally the largest if one has an Abelian flavor symmetry. With supersymmetry (SUSY) their effects can surface viadR squark loops. Squark and gluino masses are at TeV scale, but they can still induce effects comparable to SM in B d (or Bs) New physics in the flavor sector is likely since little is understood. For example, fermion masses and mixings exhibit an intriguing hierarchical pattern in powers of λ ≡ |V us |. It suggests [7] a possible underlying symmetry, the breaking of which gives an expansion in λ ∼ S /M , with S a scalar field and M a high scale. If this "horizontal" (in flavor space) symmetry is Abelian, the commuting nature of horizontal charges in general
With the impressive advent of B Factories, we are entering a new episode of flavor and CP violation studies. Charmless rare B decays hint that φ 3 ≡ arg V * ub (PDG phase convention [1] ) may be larger than [2] suggested by a CKM unitarity fit [3] . First results from both B Factories [4] give smaller sin 2φ 1 (or sin 2β, φ 1 ≡ β ≡ arg V * td ) values than "expected" [3] . A plausible picture is that B d or B s mixings have additional new physics sources which invalidate ∆m Bs /∆m B d constraint, a notion that can be further probed at B Factories, or at the Tevatron collider starting next year. There are also recent hints [5] for D 0 mixing, which, if one has a strong phase difference [6] New physics in the flavor sector is likely since little is understood. For example, fermion masses and mixings exhibit an intriguing hierarchical pattern in powers of λ ≡ |V us |. It suggests [7] a possible underlying symmetry, the breaking of which gives an expansion in λ ∼ S /M , with S a scalar field and M a high scale. If this "horizontal" (in flavor space) symmetry is Abelian, the commuting nature of horizontal charges in general gives M ij M ji ∼ M ii M jj (i, j not summed), hence [8] 
The diagonal elements correspond to quark masses while the upper right (lower left) parts are diagonalized by U qL (U qR ) rotations. We note that M [9] . Thus, B d and B s mixings are naturally susceptible to new physics arising from the right-handed down flavor sector.
As a leading candidate for physics beyond SM, SUSY offers a large toolbox for phenomenology. For example, squark mixings could generate flavor changing neutral currents (FCNC) because of strongq-g coupling. It is customary to take squarks as almost degenerate at scale m, and the squark mixing angle in quark mass basis is
where A, B = L, R, i, j are generation indices and M 
, and [10] [1] . Allowing |M SUSY 12 | to be at most of similar size, we find that mq ∼ m, mg cannot be much lighter than 1.5 TeV. For illustration we plot, in Fig. 1 Eqs. (1) and (3) dRR , which has to be suppressed by approximate "texture" zeros, achieved by invoking quark-squark alignment [8] . By using two (or more) singlet fields S i to break the U (1)×U (1) There is one subtlety arising from our choice of nonvan-
From Eq. (2) [12] , which again has 4 texture zeros. We will return to a discussion of this case later.
A general consequence of quark-squark alignment [8] 
mixings which follow from Abelian horizontal charges and low energy constraints. Unfortunately, the SUSY scale is so high such that there is practically no impact on penguins such as ε /ε, b → sγ and b → dγ. One also has the depressing situation that the squarks and gluino cannot be produced at the Tevatron or LHC. While we cannot change the latter, we find that radiative penguins can pick up some exotic effects in SUSY breaking, such as the presence of non-standard soft breaking C-terms.
We are interested in bona fide evidence for physics beyond SM. One such effect is mixing dependent CP viola- tion in b → sγ or dγ transitions [14] . The effective Hamiltonian is given by
where
) is the phase of C ( ) 7 , and sin 2ϑ ≡ 2 |C 7 C 7 | / (|C 7 | 2 +|C 7 | 2 ). One clearly needs both C 7 and C 7 for the interference to occur. In SM, however, C 7 /C 7 ∝ m d,s /m b and is hence negligible. Thus, a M 0 γ is sensitive to new physics [14] .
At m scale the SUSY contribution is
where g l (x) = −d/dx(x F l (x)) with F l (x) taken from [15] . Exchanging L ↔ R gives the correction to C 7 , and QCD running can be taken from [16] . The chiral or RL enhancement in Eq. (6) is apparent, noted already in our study [12] [18, 19] . Allowing for a non-standard The rate enhancement over SM can reach a factor of 5, 1.8 and few %, respectively, hence Br(B → ργ) could reach 10 −5 level, while sin 2ϑ can easily reach maximum for large tan β. We note that current limits on B → ργ are beginning [21] to probe such levels, as the B Factories have demonstrated their K/π (hence K * /ρ) separation capabilities, and data is accumulating fast. There is a further advantage in studying mixing dependent CP (1) and (3)) and large tan β (motivated by large m t /m b ratio), give an existence proof for possible prominence of B → ρ 0 γ, ωγ modes, both in rate and mixing dependent CP asymmetries. They should be priority search and study items for the coming years. Taking a more liberal point of view, in principle one can have flavor violating soft SUSY breaking terms [12] which could easily generate δ , we see that for heavier mq ∼ 3 TeV case, tan β up to 20 is allowed, and sin 2ϑ can go up to ∼ 0.5, hence a M 0 γ study should also be pursued. For lighter mg such as 1.5 TeV, the enhancement factor for large tan β starts to break the good agreement between SM and experiment, hence it seems one cannot have both large tan β andm, mg too light (TeV or less). This should apply to the lightest squark in present case. One may alternatively say that, despite the stringent constraint of b → sγ rate, one can still have nontrivial mixing dependent CP asymmetries.
We give explicit charge assignments for the main case studied. Two S i fields are used to break the horizontal symmetry, S 1 /M ∼ S 2 /M ∼λ 0.5 , whereλ = 0.18 (to fit the smallness of V ub better). The horizontal charges are (−1, 0) and (0, −1) for S 1 and S 2 , and
2 become ∼λ 12 [7] orλ 11 [6] . The non-standard C-term restores the vanishing elements of ( M 2 d ) ij RR ∼ m M ij q to some power, but they do not affect quark mass. Additional rotations may arise from the Kähler potential, which may lift the zeros to the socalled filled zeros [9] . Their effect is small in this model. Detailed discussions will be given elsewhere.
Some remarks are in order. First, our numerics are only illustrative, since the δ's can not be specified fully. Second, because of stringent ∆m K and ε K constraints, (ε /ε) SUSY in this model is always very small. Third, the neutron edm is well protected by m d / m in the generic picture. However, with non-standard C-terms, one may need to restrict the phase of M 
11
LR induced by µ) to 0.1 when tan β is very large (such as 50). Four, direct CP asymmetries in b → dγ would get diluted rather than enhanced by SUSY, especially if a ρ 0 γ , a ω 0 γ are large. Five, for large tan β, the neutralino box diagram contribution to neutral meson mixings become important, especially if one takes a GUT motivated relation for gaugino masses, which also holds true in gaugemediated SUSY breaking models. However, the qualitative features of Figs. 1 and 2 remain the same. Six, chargino loops involving light stop or chargino may give rise to very significant effects [22] for large tan β that may require fine tuning. To avoid this, |µ| ∼ TeV scale is needed. As for stop, we have followed Ref. [8] with the tacit assumption that flavor and SUSY scale are not too far apart, hence the stop does not become too light by large accumulative renormalization group running and hence still satisfy Eq. (2). Finally, with high mq and mg scale but no tan β enhancement, SUSY induced radiative c → uγ is smaller than two-loop SM correction, while for t → cγ it enhances SM result of ∼ 10 −13 by three orders. In summary, d R quark mixings are naturally the largest in Abelian horizontal models. Such flavor (and CP ) violation effects can be brought to light byd jR squark loops. Stringent K 0 mixing and ε K constraints require setting M 
asymmetries of order 50%. The new physics phenomenology outlined here can be tested at B Factories and the Tevatron in the next few years.
